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ABSTRACT .

o . R
The Human Factors Engineering Depariment {ii conjunction with
the Advanced Design and Flight Development groups at the
Douglas Aircraft Company 18 currently 'eu\gaged in a project
directed toward developing the capability tomeasurzobjectively
the flight crew workioad with sufficient sensitivity to differen-
tiate between alternative crew station layouts, controis, and
displays. The computerized technique concentrates on design
factors under the control of crew station designers and provides
for quick and low-cost iteration of afternatives. The program
provides workload as related to specific equipments and systems,
permitting special attention to be given to high workfoad items
during the carly development of coneepts and hardware before
simulation is available. The technique and program is also
applicable to integrated displays. including those where program-
ming to meet information requirements is an element.

The analysis is based on a typical flight mission scenario
constructed to explore the expected operational enselope and to
exercise 2 major portion of the aircratt displays, controls, and
systems an g sequence and time drame typicai of the more
demanding operations planned. The primary measure is the ratio
of the requirsd perforinee time o the time available within the
time constramnts regnilated by a specitic ight, supplemented by
hand movement action aind distance data. The operatine proce-
dures are detailed for computer handling in a way that relates a
stngke workload cloment (o a single prece of equipnient, with the
cquipiiert coded by ats jocation and ATA number, The thnes for
compleling specthic acts in the cockpt are developed By detiiicd
amaby s 0f cach sk ond s associted cipapinent using standard
action and reading tmes. The hand movementand distenee data
are devetoped tsing o tullsze desien aad.

Work v contiirng on His proeet to doselop technegies for
cvHuabing more precisely the impact ot abnormaland cmerecioy
provedures on Hight crew workioad wmd hiow 1o redece e Aa
whipttion of Wineert's function reteriace techoue cm he uesed
Fo acaount fos the Anows vl ot priors o bosdle Hie heaey
worlfvads  avonttod  with cieerenay procadinnes, bat st
provie ter an obrectvely meentad e eroist whidh o

evaluate proposad dhdipes.

i

i+ and/»r
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INTRODUCTION AND BACKGROUND

For several years the Douglas Aircratt Company has been
conducting a program directed toward developing the ability to
objectively measure flight crew workloud with sufficient scnsi-
tivity to ditferentiate between alternate crew station contigura-
tions. This capability is considered essential to the Douglas goal
of designing the most economic cockpits with aceeptable and
safe workloads. This development is a joint effort ol the Human
Factors Fngincering, Advanced Design. and Flight Development
groups at Douglas.

An objective measuring system for flight crew workload has been
a long standing requirement of crew station designers. They need
a system that is usable during the early design stages and provides
a means lor identifying both the peak workload periods and the
specific crew station characteristics that contribute to these
worklouds. [t must aiso be able to quickly evaluate proposed
changes in crew station equipments or fayouts to determine the
degree 10 which undesirable workload peaks can be reduced. The
workluad measuring system that is in the development stage at
Douglas is mecting these goais by providing @ standard measuring
tool for comparisons of alternative crow station conligurations.
Fven while this muasuring system s still being devetoped and
refined, it is being used to assist in guiding crew station design
concepts on new aireraft, both military and civilian. This close
interfiace with crew station design engineers is also providing
invaluable feedback that helps guide the development of the
messuring system and ensures that it provides the type of
information desited by the designers. An oxample of this was the
recent indlusion of the various design group symbols so that these
groups could see what proportion ob the Hight crew worklowd
win Lheit rosponsitiitty. 1e abo provdes the capability for
Showing how  Jdesign proup changes atfect otal Theht crew
workload o well as the proportional change in the specifie area
tor which they wiv responsible,

DEFINTTIONS OF FLIGHT CREW WORKLOAD

Winhe thers fuve been maeny svmposn and papets deioted to
heht aew werkload . there weaes to be no commoeniy aeeepted
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definition of what is meant by this term This is best llustrated
by an madentat the Crew Svstem Desien Contorence held i Tos
Angeles m September, 19720 in winch one of the authors, during
a discussion ol thght crew warklaad, ashaed tor a detimetion ol it
tReference 1) Oae ot the participants volunteered the idea that
workload was the amount of effort expended in the perfornancy
of & task or tusks within certain established tolerances. Another
thought that workload should be defined in terms off wlit is
required to handle emergency sttuations. These seemed to be
clowe enough tor conference purposes and the discussions of
flight crew workload continued.

Some of the definitions of workload contained i the lierature
include the following from Reference 2:

“Workload is commonly detined in terms of the quantity of
work units to be performed in a given interval of time™

“*The number of tasks accomplished in a block of time™

“Operator workload is often quantified in terms of input
parameters rather than output measures.”™

At this same Crew System Design Conference, Wingert (Refer-
ence 3) presented a paper that provided a more precise and
commonly accepted definition:

“Workload is the ratio of the required performance time to
the time available within the time constraints regulated by a
mission.™
Wingert's definition is very similar to our detinition:

“Flight crew workload is the ratio of the summation of
reguired crew-equipment performance time to the time
available within the constraints regulated by a given flight or
mission.”

This can be expressed as folows:

FCW (Percent)

T,/T, x 100

where

FCW (Percent) = Flight Crew Workload in Percent

T, = Time Required
T, = Time Available

This concept is most useful when comparing alternative means of
accomplishing similar tasks, or providing similar information in
the cockpit. 1t also facilitates the relating of tasks and task times
to specific equipment so that efforts to reduce workload peaks
can be directed to the proper cquipment arcas. Since our mterest
in workload s crew station design oriented. this coneept s the
one that seems to best support our goal of designing the most
cconomic cockhpits with acceptable and safe workloads and serves
as o basis for a standard for comparisons.

FLIGHT CREW WORKLOAD
ANALYSIS PROCEDURL SUMMARY

The  procedure used in measunng Mhight crew workload s
summarized e Figare Lo TE starks waith o tvpieal thefit plan
devcloped o exercse afl equipmient of interest tor ths particutar
anahy s, Using catentared or actuab areratt portorsimee data and

the hypothesized environmental Lactors, & mbson scemirio is
developed alone with an event timehne. The time available
seements are then created by the time difference between events
ar milestonces,

MISSION TASK TIME LINES

o CREW CONFIGURATION
|'o AIRCRAFT PERFORMANCE o OPERATING PROCEDURES |
1 o ENVIRONMENT o TASK TIME DATA

——— e ———— e — . ——

!
e |
| ¢ SCENARIO i

(.
TIME AVAILABLE '\f/ TIME REQUIRED

COMPUYER ASSISTED |
AMALyses |

WORKLOAD ON EAEN
CREWMAN BY MISSION |
SEGMENT i

FIGURE 1. WORKLOAD ANALYSIS — METHODOLOGY

The operating procedures are established by coordinating tnputs
from experienced pilots using the published or proposed aircraft
operating procedures for the proposcd flight crew station
configuration, and the equipment operating procedures proposed
for the planned configuration. These procedures are refined and
detail times developed by using a full-size design aid and
published task time data to provide detailed task element time
data. This establishes the time required for performing the
various activities required for the tlight.

The detailed flight sequences, time available data, and time
required data are coded for acceptance by the computer program
and entered into the computer for processing and analysis. The
output from the computer consists of average and summary
tabulations. These tabulations can be of total workload or the
workload associated with various equipment and certain kindsof
activities,

A separate routine referred to as the Select Option allows
retrieval of task elements in accordance with specific codes
associated with cquipment, body actions, reach distances, respon-
sible engincering groups, etc. Workloads are then computed for
these groupings. By proper sclection, it is then possible to
determine which factors are significant in relation to owerall
workload or where the configuration could be improved most
effectively to reduce workload peaks. This technique enables
comparisons to be made on a numerical basis independent of
personal opinion.

BASIS AND DESCRIPTION OF CALCULATIONS

The time available is based on o very detailed flight scenario that
describes specitic ITight conditions, light paths, and ainspecds.
Using an event or milestone as the starting and ending points, the
deseent, approach, and tanding has been divided into ninceteen
swements. Typical events or mulestones are as follows: Lnd
Descent to 4000 Feet, Course Chapee to Heading 044, Start
Speed Chinge 250-200 KTAS, riguie 2 depaets the fmal portion
of the Mghit and shows the starhimg and ending points of some of
the pudestones, Fgure 3 shows the relationslup between altitude,
speed, and heading toe the Llast portion ol the Thght, The speed
portion ol this profile v developed using appropriate reratt
performance data, envirommental Getors, and speeds required on
vanous segments of the Mt The headmes, speeds, and altitudes
are those reguored to toltow the presoribed course specttiad by
AVC m yimg ihes approach and Landing. The milestones are
shown at the top portion of the chart wineh has toime irom
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touchdown as the absissca. The differential between the ntile-
stones forms the hasis for calealating the Time Availuble, or T,
tor vach discrete tTight segment.

LOM—
ORCHARD
385 UR:=

DME 78
LA GUARDIA
1131 LGA
to LOW
047° 5.8 2000

Flushll\q

FIGURE 2. TYPICAL FLIGHT PATH MILESTONES

Developing the Time Required starts with the use of flight crew
station drawings, proposed operating procedures for the aircraft,
and operating procedures for the specific equipments proposed in
the corfiguration under consideration. In close coordination with
pilots experienced in similar aircraft, a very detailed description
of the procedures required for flying each mission segment is
developed. Figure 4 is an example of the worksheet used in

developing the procedures, time requured, designating the crew
member, and indicating the control or display involved. The time
required for cacht action is catcalated by wseng a standard data
store that provides the tnaes for actuating various types off
controfs and reading sarious ¢y pes of instruments. (Reference 4)

Figure § is an example of this type of data. Reach times were
developed using a full-size crew station mockup.

The prowedures used reflect the operating techniques of one or
two expert pilots who are experienced on similar gircraft. Other
pilots might operate the aircratt slightly difterently but in a
comparative analysis, since operating procedures are changed
only when required by cquipment changes. such differences ase
not important to our masuring system. The times caleulated
from the published data stores have been standardized by testing
a farge number of subjects. This provides a solid base for use in
identifying the changes in use times associated with change in the
crew station conliguration. It is this ability to identify change in
use time as it affects overall workload that is most useful to crew
station designers.

CODING DATA FOR THE COMPUTER

The data are organized in terms of missions, functions. tasks, and
elements. Symbols and a brief description for cach of these are
used to facilitate both the computer processing ot the data and
the reading of computer printouts. Figure 6 simulates a computer
printout for some of the elements in the landing phase. Some of
the items are as follows:

DESCENT 0401 APPROACH 0403 ®
1) (@8
FLIGHT . (9 4 x X
PHASE
X0 | | XA | cl X® lejeialulrjsl XX

360

270
HEADING 180

9

-

o

250
speep. 2%
KNOTS

150

100F A

4000
ALTITUDE \

0 1 1 1 1 1 | u's | H |

W 93 12 1 16 9 8 7 6 "8 4 3 z 1 0

TIME TO TOUCHDOWN

|
TOUCHDOWN

FIGURE 3. FLIGHT PROFILE SEGMENT
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cnauce Notatios 00 PAGE INDEX ADDITION NO.
FLIGHT prase InesTtrre’_0403 vt APPROACH
TAsK TcenTiFIen BL rime__SET FLAPS TO 50 DEGREES
noReAL X T CONFIGUPATION TcAITIeMTy
CONTILSERTY, 1 H
BIL i EQUIPMENT INTERFACE i DEFEFABILITY
MISSION TIME : : ELAPSED TIME : : TOTAL TASK TIME REQUIRED
ELEMENT DESCRIPTION T c | ro 30 REVARKS
REFERENCE
o1 | _CAPTAIN CALL QUT: FLAPS 50 DEGREES 1.0 x | x
0z GRASP FLAP;SLAT HANDLE AND DEPRESS AND HOLD | 4 X | CP-FL
UNLOCK LEVER
03 PULL FLAP CONTROL HANDLE TO 50 DEGREE DETENT
R R L A L 19 X CP-FL
POSITION
o« | RELEASE UNLOCK LEVER 06 X CP-FL
05 MONITOR FLAP POSITION INDICATOR UNTIL (T READS
------- . X -55
50 DEGREES 3.0 pC
06 FIRST OFFICER CALL QUT: FLAPS 50 DEGREES 1.0 x | x
07
08

FIGURE 4. WORKSHEET USED TO MEASURE FLIGHT CREW WORKLOAD

INDEX OF ELECTRONIC EQUIPMENT OPERABILITY — DATA STORE
AMERICAN INSTITUTE FOR RESEARCH. REPORT NO. AIR-C43-1/62. 1962

SAMPLE DATA
CIRCULAR SCALES
BASE TIME - Q50
TIME ADDED 1. SCALE DIAMETER
103 A 1 INCH
] & 15- 175 INCHES
003 C. 275 INCHES
2 SCALE STVLE
A QUANTITIVE READING (DETERMINE A SPECIFIC VALUE)
150 (1) MOVING POINTER
150 (2) MOVING SCALE
B QUALITATIVE READING AND CHECKING (DETERMINE
WHETHER INDICATION 1S WITHIN A CERTAIN RANGE)
[}, ] {1) MOVING POINTER
02 (2) MOVING SCALE
[ ] (3) EITHER MOVING POINTER OR MOVING SCALE,
¥ COLOR COOED
FIGURE 5. TASK/TIME ESTIMATES
1. 0403 XK99--END TIME
2 000018 FC 000000
3 0408 LAND 102374 FC
a4 GS ELB U
S. 0404 XA ACQUIRE MM 0SNM FROM THRESHOLD
6. 0404 AAOO ALTITUDE CALLOUT
7 000018 FC 000000
8 0404 AAOL MONITOR ALTIMETER TO READ 200 FT
9 000000 FO 000300
10. E .
11 3ATA3413-01.120-410 C3
0404 AAO2 CALL: 200 FEET
000000 FO (000050
VE
*1200 FEETH
0404 AAO3 RECVE: 200 FEET
000000 C 000050
12 v S
#1200 FEET)

FIGURE 6. LANDING PHASE ELEMENTS (SIMULATED
COMPUTER PRINTOUT)

ek mn oa

Line 1 indicates the end of a function and task.

Line 2 indicates the time the task ended.

Line 3 indicates the phase of flight (Land).

Line 5 indicates the milestone to be achieved.

Line 6 indicates the task description.

Line 7 indicates the time the task ‘XA’ starts.

Line 8 is the element description.

Line 9 indicates which crew member is taking the action and
the time required for this action.

Line 10 indicates that the eyes are required for this task.

Line 11 is the ATA number for the equipment involved in the
element described.

Line 12 is for another clement and shows the Captain is
involved in a communication task and is also
performing an outside scan at the same time.

COMPUTERIZED DATA SUMMARIES

The computer program provides the capability to summarize and
average the workload between designated milestones as related to
all task elements or those selected on the basis of equipment or
specialized task requirements. Figure 7 shows the flight crew
worklouwd summary tor all task clements in a portion of the
flight. The computer prints out the function symbol, task
symbol, task deseaption, and the pereent workload for the
Captain and the First Otticer, The minus sign in front of the




v I e o Laseih et siun cute eses suan s A NrEl aene s e e o

WORKLOADS ARE FOR ALL TASK ELEMENTS
TME DURTN PERCENT WORKLOAD

FUNC  TASK NILE HMS MN c [4+]
0801 XA COMMENCE DESCENT TO 10000 FT,
REDUCE SPEED 00 20:18 200 7792 -127%

0801 X8 END DESCENT AT 1500 FPM; 00:18'18 300 3422 -2872

0401 XC END DESCENT TO 4000 FT 00.15.18 080 417 -3188

0401 XO COURSE CHANGE TO HDG 044 00:14:30 160 -8917 3229

0401 XE STARY SPEED CnG 250 - 200 KIAS 00:12.54 050 -7867 6367

0401 XF END SPEED CHANGE 00:12.24 230 276} 6761

0402 XA THIS PHASE NOT USED 00:10:06 -002 000 000

FIGURE 7. FLIGHT CREW WORKLOAD SUMMARY (SIMULATED
COMPUTER PRINTOUT)

workload numbers is due to the technique of counting time back
from the touchdown point.

Figure 8 shows a typical workload breakdown by equipment
groupings and activities. It shows, for example. the high
proportion of workload associated with the communications task
in a high density area such as New York. The low value of
workload required for outside scanning corresponds to the IFR
conditions chosen to give high workload in other areas. The total
level of workload, however, would allow outside scanning to be
increased  considerably, if needed. Outside scanning is also
possible simultaneously with some of the other task elements
listed. Figure 9 shows the detailed analysis that is possible when
the workload elements are displayed for each task. This shows
the major elements of the workload structure and how they
change from task to task. Most of this 5-minute segment is with
the aircraft on autcpilot and the Captain takes over manually for
the last 200 feet.

FLIGHT PHASE WORKLOAD
DESCENT
EQUIPMENT CAPT F.0.
TOTAL COMMUNICATIONS 195 329
VERBAL EXTERNAL (10.3) (16.4)
VERBAL INTERNAL 8.9) 18.9)
EQUIPMENT 10.3) (7.6)
FLIGHT INSTRUMENTS 10.0 30
NAVIGATION INSTRUMENTS 75 7.0
REACH as 9.0
SYSTEM SCAN AND CHECKLIST 0.0 6.5
POWER PLANT 7.4 08
FLIGHT CONTROLS 0.0 0.0
AUTOFLIGHT 14 0.2
MISCELLANEOUS 32 14
NORMAL OUT SCAN 4.9 49
{IFR APPROACH)
TOTAL 57.7 . 65.7

FIGURE 8. EXAMPLE OF FLIGHT CREW WORKLOAD BY
EQUIPMENT OR ACTIVITY (PERCENT OF TIME
AVAILABLE)

DATA USE IN CONFIGURATION EVALUATION

As stated previously, the primary purpose of this system is to
provide data for use in compariative evaluation ol alternative crew
station designs. Any workload reduction must be evaluated in
terms of the context within which this occurs and it seems
senscless o increase the cost by autonating a teature that sives
work during low workload perniods only . To allustrate how this
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FIGURE 9. FLIGHT CREW WORKLOAD STRUCTURE ANALYSIS

analytic technique can be employed in configuration evaluation,
the effect of an autothrottle system is analyzed.

The autothrottle system can be hypothesized as a completely
automatic system that senses power requirements and con-
tinually adjusts the throttles accordingly. requiring no input or
monitoring from the pilot. Figure 10 shows simulations of the
computer printouts of workloads associated with manual opera-
tion of the throttles and monitoring of the EPR guages. These
values which are obtained by a select option computer sort
can be subtracted from total workload figures for all the tasks
and a plot made of the maximum savings possible. Figure 11
iltustrates such a plot and shows that an autothrottle system may
have significant potential for reducing the higher workloads. It
makes a substantial reduction in workload for all but two of the
higher workload periods. With a potential such as this to work
with, various autothrottie systems can be hypothesized and the
corresponding operating procedures derived, timed, coded. and
fed into the computer for workload evaluation. Possible
autothrottle system characteristics can then be traded off to
arrive at the system that provides the most savings at the most
critical times for an acceptable cost.
THROTTLE WORKLOAD
SELECT OPTION TAKEN

CARO TYPE 8. FIELD 1124, FIELD CONTENT 26.11
FUNC  TASK nne

0803 XA  MANEUVER FOR APPROACH
0403 XB END DESCENT TO 3000 FEET
0403 XF  END HEADING CHANGE
0404 XA

™E
HMS

00 10 0%
00 09 08
00 04 54

ACQUIRE MM 05 N Mt FROM THRESHOLD 00 00 18

EPR WORKLOAD

SELECT OPTION TAKEN
CARD TYPE 8. FIELD 1126, FIELD CONTENT PCATR

FUNC  TASK e
0803 XB  END DESCENT TO 3000 FEETY

0403  XF  END HEADING CHANGE
0404 X3 ROLLOUT

TIVNE
LLE1

Q0 09 08
00 04 54
00 00 01

DURTN
L]

100
1%
o0&
[} ]

OURTN
L

190
060
on

PERCENT  WORKLOAD

< (]
700 000
108 000
17% L] ]
-an 000

PERCENT  WORKLOAD

¢ o
224 aoo
200 Qo0
766 000

FIGURE 10. THROTTLE MANIPULATION AND EPR GAUGE
MONITORING WORKLOAD
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100 i
3
©
«
WORKLOAD
IN PERCENT
“I
2
ol — =L .
n 18 15 12 9 6 3 °
[TSAVINGS POTENTIAL TIME 7O TOUCHDOWN — MINUTES

FIGURE 11. SCOPING POTENTIAL AUTOTHROTTLE SYSTEM
SAVINGS FOR CAPTAIN

Another example illustrating the utilization of these procedures
involves the consideration of a boom or hand-held microphone.
Most pilots are well aware of the substantial workload reduction
associated with using a boom or oxygen mask microphone
compared with a hand-held microphone. To determine the effect
of this change, a computer run was prepared that selected out all
the times associated with picking up a mike, bringing it to a
talking position, and returning it to the stored position. The
. results are shown in Figure 12. These are in agreement with the
commonly held opinion that a boom mike does help with some
of the higher workload tasks for the First Officer, and in
addition, the numerical results of this evaluation indicate the
significant effect of this change. It is this quantification of
improvements, with objectively derived data, that is the key
contribution of this system. For any aircraft operator that has a
First Officer (Copilot) currently using a hand mike and
complaining of overwork, this is probably the cheapest way to
reduce his workload.

(FOR FIRST OFFICER)
Jo————— DESCENT —————~lo————— APPROACH '.'_‘,',D
100
oo} ;
]
©
WORKLOAD
N PERCENT
©
m -
L
o i) S [ Ve - 5 deend
18 15 T2 9 6 3 0
SAVINGS POTENTIAL

TIME TO TOUCHDOWN — MINUTES

FIGURE 12. 800M MICROPHONE USE SAVINGS POTENTIAL

CAPABILITY EXPANSION

There are several ways in which the capability of the Cockpit
Evaluation and Design analysis System can be expanded and
made more usctul. At the present time the development of new
scenarios and their attendant milestone times is a4 very time
consuning  and  kiborious  task. The  tull cevaluation of a
multipurpose or hugh capability aireratt would reguire several
ditterent scenarios, cach with the wireratt contigured differently
in terms of the payload. The sequence of actions within the
mission, as well as many actions themselves, would be different.
An automated capabibity to develop these seenarios and times
woull greatly increase the usetulness ot this technigue.

Another techmmue for specding up crew station evaluations
woukd be to develop a ibrary of operating procedures associated

with various crew station cquipment that might be chosen for
imtallation. These operating provedures coutd then be retricved
trom the computerized hibrary and Jdeveloped as required for the
seenario.
-

The concept of Time Required for flight crew  workload
evaluation used in the computations is shown in Figure 13, This
can be conceived of as a vertical slice of workload as it could
exist during some short period of time. Most of these elements
can he quantified for any given situation. While most of our work
has been with the Normal Procedures Demands, one example of
Abnormal Flight Environment Demands has been quantitied and
the results are shown in Figure 14, This chart shows the
additional increment of workload that is added when a VIR, day
flight s changed into a night, IFR flight with darkness, clouds,
icing, and rain to contend with.

3 SELF-CHECK AND CROSS-CHECK ALLOWANCE
»
E E EMERGENCY PROCEDURE DEMANDS
Q
u % E ABNORMAL FLIGHT ENVIRONMENT DEMANDS
S>3
8' E 8 ABNORMAL PROCEDURES DEMANDS
@ |w
g @ DISPATCH INOPERATIVE DEMANDS
S
NORMAL PROCEDURES DEMANDS
MINIMUM ACTIVITY FOR CREW ALERTNESS
FIGURE 13. TIME REQUIRED ELEMENTS OF FLIGHT
CREW WORKLOAD
: DESCENT : APPROATH LD
100
) i
o
WORKLOAD
IN PERCENT
)
20
x W 12 s YT Ty T o

CJINCREASE DUE TO NIGHT TIME TO TOUCHDOWN — MINUTES

IFR. AND WEATHER

FIGURE 14. INCREASED WORKLOAD DURING NIGHT, IFR, AND
WEATHER CONDITIONS FOR CAPTAIN

The Cockpit Evaluation and Design Analysis System is not
developed to the point where all the time demands of the flight
crew workload  clements as depicted in Figure 13 can be
quantificd. When they are, it will provide a signiticant increase in
the flexibility of this system and its usetulness (o designers who
are dirccting their efforts toward providing safe and cconomical
crew station  configurations.  Expericnced  pilots are all oo
famibiar with situations where the tune demands of the various
clements listed in Figure 13 sum 1w a poimt where inadequate
tinre as available for necessary selt-check and cross-check activity.,
If the time demands of all the various workload elements can be
quannified, considered, and traded oft during the desizn process,
then crew station designers will have thair attention directed to
those atems of equipment that must be improved to provide a
sate and cconomical crew station arrangement that is viable
under most adverse conditions.
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ADDITIONAL APPLICATIONS

This system also lends itselt to development tor use in crew sizing
studies tor particular military missions. The workload measuring
technique could provide key information, including  the
following:

I.  The effect on aircraft overall configuration and the
equipment necded Tor a particular mission with various crew
configurations.

14

Definition of tasks, task times, and the task assignments
associated with various phases of' the mission with various
types of procedures that could be used to accomplish it.

3. Analysis of workload for each crewman as a tunction of the
airplane/crew configuration and mission phase.

4. Analysis of the resulting differences in the nonrecurring and
recurring portions of acquisition and lifecycle cost
differences to achicve the most cost effective compromise.

CONCLUSIONS

The cockpit evaluation, design, and analysis system described in
this paper is being used by the Douglas Aircraft Company in crew
station design studies. It provides an effective method for
objective analysis of proposed cockpits early in the design stage.
The analytical methods developed are also sufticiently flexible to

AN e A ALY T S e auulh At e

handle  unforseen  requirements  as crew  station  desieners
understand it potential  and  request additional  types of
information. While the uses at this tune have been concernad
primarily  with the cockpit crew station, it can he used for
mission crew stations elsewhere and it can be utilized as a crew
sizing technique.

REFERENCES

I Cross, K. D.,, McGrath, J. J., Editors, “Crew System
Design,” Proceedings of an Inter-Agency Confercence, 12-14
September 1972, Los Angeles, California.

2, White., R. T.. “Task Analysis Methods: Review amd
Development of Techniques tor Analyzing Mental Workload
in Multiple-Task Situations.”™ Report MDC J5291. Douglas
Aircraft Company, Long Beach, Culifornia. September
1971.

3. Wingert, J. W., “Function Interlace Modifications to
Analytic Workload Prediction™, Proceedings of an
Inter-agency Conference, 12-14 September 1972, Los
Angeles, California.

4.  Munger, Sara J.. Smith, R. W., Payne, D., “An Index of
Electronic Equipment Operability — Data Store™, American
Institute for Research, Pittsburgh, Pennsylvania, 31 Jan
1967.

R
o]
—
]
f‘“"*
.
A
.

.
S
-~
-
4
-]
-~
- 4
Y
ooy
-
i
.1
R
-
B
-y
—
: "4
- ..1
. 4
<
R
1
1




[o

DOUGLAS AIRCRAET COMPANY

2855 { akewood Bou'evard Long Beach, Cattornia 90801 (213) 593 581!

/\/
MCDONNELL oouot.n\s_),.__

CORNPOMATION
PRINTED IN USA APRIL 1975

- —— i PRI S S

TN




END

FILMED

111111




